Introduction
Campylobacter jejuni is a Gram-negative bacterium responsible for the majority of bacterial 71 gastroenteritis cases in developed nations. C. jejuni is a common commensal organism of 72 avians and is transmitted to humans through contaminated food products or water. Once 84 jejuni biofilm formation is the impact of motility and chemotaxis gene exression [8, 9] . 213 Autoagglutination assays were carried out to determine the impact of diminished motility on 214 intercellular adherence. Cells with a higher tendency to adhere to neighbouring cells cause 215 increased settling and a lower absorbance of the upper phase. Both ΔcheV and ΔcheW 216 mutants ( Fig. 4G and 4H ) showed a marked increase in clustering when compared to the 217 wild-type control (Fig. 4F ). This increase in autoagglutination was confirmed by assessing 218 the absorbance of the upper phase of media in the culture tubes. A marked decrease was 219 noted for both mutants (agglutination assays performed in triplicate), suggesting a large 220 increase in autoagglutination ( Fig. 4E ).
Time-lapse microscopy
222 Time-lapse microscopy was conducted to highlight differences in overall biofilm formation 223 in C. jejuni isogenic strains (S3 Fig.) . Both ΔcheV and ΔcheW isogenic mutants exhibited a 224 higher tendency to aggregate into cell clusters than wild-type C. jejuni. This is particularly 225 evident during the interim stages of biofilm development such as seen at 15-20 hours. Wild-226 type C. jejuni showed a progressive spread of biofilm formation into a confluent monolayer, 227 whereas ΔcheV and ΔcheW mutants appeared to congregate more readily into large 228 microcolonies. In addition to the increased aggregates, a much larger biomass was evident in 229 the ΔcheV and ΔcheW mutants when compared to the wild-type. 233 jejuni biofilm growth and demonstrated that significant remodelling of the transcriptome and 234 proteome occurs in this lifestyle compared with planktonic culture at 42C. We identified 235 many genes encoding protein families that were differentially expressed in biofilms including 11 236 those involved with glycosylation, metabolism and chemotaxis, as well as a large number of 237 currently functionally poorly characterised gene clusters.
238 Generally, chemotaxis has long been established to play an important role in biofilm 239 formation in C. jejuni, although there have been few studies that examine the role of signal 240 transduction in biofilm formation. It has been suggested that the impaired motility of 241 aflagellated mutants impacts the access of bacterial cells to an abiotic surface [18, 19] .
242 Mutations to cheW and cheV proteins also serve to diminish motility in C. jejuni, as 243 demonstrated by the decreased migration in Fig. 4 . However, despite the decrease in motility, 244 both ΔcheW and ΔcheV exhibited stark increases in the amount of biofilm formed, consistent 245 with the significant biofilm-associated down-regulation of chemotaxis and chemosensory 246 genes / proteins as determined by omics analysis. We propose that this che-associated 247 reduced motility may provide more time for planktonic cells to adhere, also resulting in our 248 observed increase in autoagglutination. This would allow more efficient formation of 249 microcolonies during the initial stages of biofilm formation in C. jejuni (S3 Fig) and , thereby, 250 a higher biomass is mature biofilms. All these data combine to suggest that regulation of 251 signal transduction in C. jejuni may be critical during biofilm formation. 252 C. jejuni biofilms play a functional role in the ability of this organism to withstand 253 environmental stresses and, thereby, impact the ability to infect human hosts. Whilst 254 chemotaxis has been suggested to play an important role, motility has been the main focus in 255 regards to biofilm formation. We have provided evidence that diminished motility is 256 conducive to biofilm formation in C. jejuni, and that chemotaxis may play a larger role than 257 previously thought. This presents the possibility that biofilm formation in C. jejuni may be 258 regulated through modulation of chemotaxis. 
